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A CO:FARISON WITH FLIGHT DATA OF VERTICAL-TATL LOADS
IN VARIOUS HANEUVEAS ESTIMATED FROI! SIDESLIP ANCLES
AND nUDDER DEFLECTIONS

By Howard L. Turner

SUIl4aARY

A comparlson 1s made of the vertical-tall loads deter-~
mined from pressure~distribution measurements in fliight in
various meneuvers with the corresponding vertlcal-tall loads
calculated, using the values of sidesllip angles and rudder
deflections as measured during the varlous maneuvers. The
maneuvers investigated included slow rolls, steady sidesllps,
fishteils, end rolling pull-outs. The loads were calculated
only for the sldeslip angles and rudder deflections corre—
sponding to the maximum measured load in each maneuver. For
the maneuvers investigated, the calculated loads were found
to be conservative by apnroximately 16 percent as compared
with the experimental loads. The sources of error in the
methods of estimating some of tThese serodynamic parameters
snd thelr effects on the vertical-tail load computatlions arc
discussed briefly.

INTRODUCTION

In several of the more recently proposed methods for
computing ecritical vertlcel-tail losds, it is necessary, in
a given type of maneuver, to determine the values of sldeslip
angle £, the rudder angle 8y, &and the yawing veloclty r,
in order to predict the total vertical-tsll loads, Methods for
predicting these values analyticelly for various types of
maneuvers are presented in references 1, 2, and 3, although
in some of these cases partial verification of the general
method of computing vertical-tall loads 1s provided by
comparing computed results with velues from flight tests,
there still remains some uncertainty as to the accuracy with
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which the total vertical-tail loads mey be predicted .using
avallable means for Ustimating'aerodynamic parameters from
airplane geometry alone.

In order to provide date to further substantiate the
valldity of one step in the predictlion of tall loads, flight
tests wcre conducted. on a propeller?&riven'fighterztype_air—
plane in which vertical-teil loads were mcasured, by orifices
on the surface of the vertical tall, in various static and
dynamic mancuvere. Slmultesneous Valaus of gideslip angle,
rudder deflcction, and yawing velocity were also measured
From thesec data snd the. aerodynamic perameters eveluated using
the vertical-tail geametry, the verticel-toll loads were
computed and then compcrcd with the corrceoondiqe loads
measured in flight,

SYiB0OLS

Lig total vertical-tail load,; poundé :
‘ (Positive when acting to the night, )

Vi true airspeed, fect per second .: . ...~ ... . L. . .

Vy indicated airspeed, miles per hour ..

{vi = 1703[ (%% + 1)0:288 -1]%}

do free strcam dynamic pressure, pounds per squarc foot
o dynamic pressure at the tail, pounds per square foot

de impect pressure shown . Dy pitot—static tube, pounds
. per square inch . . . ... o

S¢. vertical-tall erea, square fect !

Lg distence from ¢ irplane center of STaVltj to rudder
hinge line, feet _

c local.vcrtical~tail chord, fect -

Py resultant pressure, pounds per  sduarc foot
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cn - _sectlon normal-~force coefficlent
CN normel—force coefficlent
r yaving veloclty, radians per. second

angle of sideglin, degrees
(Poaitive when right wing forward.)

® fin.offset, from fuselage center line, degrees
(Positive when leading edge to the left.)

o angle of sidswash, degrees

Sp rudder deflection from fin center line, degrees
(Right rudder positive,)

at effective vertical-tall angle of attack, degrees

T relative rudder effectiveness

“dat _ oON$/d8r >
ddr  dO0Ny/ dat

'dGN> vertical—tall lift—curve glone

do £
dCw
Nt glopne of verticel-tail normal--force )
a8y coefficient versus rudder deflection curve

TESTS, APPARATUS, AMD PRECISICHN

The test maneuvers used in this investigation were
steady sideslips, slow rolls, fishtalls, and rolling
pull—outs. ©Steady sideslips were made with power off
and with normal rated power. All other maneuvers were
performed with normal rated poirer only. All the tests
were made at an average altitude of 10,00C feet,

The test vehicle used in this invegtigation was a
gingle-engine, propeller-driven, flghter-type alrplane.
(See fige 1l.) NACA continuous—Film recording instruments
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were used to measure, as a function of time, the control posi-
tions, sideslip angle, yewlng velocity, .airsnued altitude,”
and the resultant pressures over the vertical tail Figure 2
is a side view of the verticel tall of the test airplane
gshowing the principal dimensions and the locations of the
pressure orifice statlons.

The precislon with which the’ sideslip angles and the
rudder deflections were measured wag belicved to be £3°,
The vertical-tail loads obtainéd from the pressure distri—
butions are believed to be accurate to +3 percent for 'the
gtetic meneuvers and #£5 percent for the dynamic maneuvers,
depending upon the magnitude of the load

HMETHOD

The total aerodynamic load on_ the wertical teil for any
static or dynamic maneuver may be given by the expresslon:

Lt=StQt[<ﬁ+§a—,\-r—;-ﬂE+c:+c gCaN)

vop (T R W

For convenlience in the:use of thls expression, equatlion (1)
may be written es . '

... r4ac

where

+ THp (2a)
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where . .
- 0N /93,
T= OCpy /00y

In applying these ecuations to the computations of
vertical-tail loads, it 1e necessary that the methods of
defining tne coefrficients be consldered. In ecguation (2),
the area of the vertical-tall St wes assumed to be tThe area
of the fin above the fin~fuselage juncture plus the movable
area of the vertical tail; this assumption conforme with the
convention set up in reference L4, This is the area covered
by the pressure orifices as shown in figure 2. The dynamic
pressure at the tall g+ was assumed to be equal to the
frece-streem dynamlic pressure dg. The slope of the vertical-
teil 1ift curve was estimeted from figure 3 of refercence U,
The effective angle of atback of the vertlical tell ag 1is
given by equetion (2a).

In evalueting eguetion (2a) for the prescnt analysis,
the values of agaideslip angle, rudder deflection, yawing
velocity, and airspeed are tloss meesured in flight at the
time of maximum sideslip, and correspond to the maxXlmum
loeding condition in the meneuvers investigated. The fin ;
offset angle © is fixed at 1° left of fuselage center line.
The angle of sidewash, discussed in refcrence I, was neglected
in this report due to the lack of sufficicnt information for
accurate estimation. The relative rudder effectiveness T,
which is based on the rclative aress of the rudder, the
rudder balance, and the vertical teil, was estimated from
figure 4 of reference 4. Since tais report desls with load
condltlons at the time of maximum sideslip, the increment of
angle of attack due %o yawlng velocity may be neglcected.
Hence, for thc purpose of this investigation, the effective
. vertical-tail sngle of attack may be expresgsed as

at =P + o + T8p (3)

Ueing The dimensions snown in figure 2, the following
geonetric parcmcters were ovaluatad: '

2
Geometric asmect ratio = H2/Sg = I%*%I = 0,38L
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Effective aspect ratio =.1.55 (0.884) = 1.37
5. /8, = 5 #ud.sz R y .

Sp/Sp = %Lﬁg = 0.159 R o

These parqmeters werce epplicd to figures 3 and 4 of refer- . ' _
ence 4 to establish the values of the following:

(a0n/éa)y = 0.035

T = O.?LI.-

RESULTS AND DISCUSSION -

Typical pressurc distributions are pregented 1n figurec 3 o
to show the typc of data from which !the experimentel loads ‘ -
were obtained., From thesc pressure "dilgtributions and from :
similar plote not includéed in this wewport, the experimentel
total vertical-tail loeads were evalusted. In figure L(a) the
flight-measured loads arc compared with the calculated loads
at verious indicsted ailrsneeds for two power condltions,

Figure 4(a) indicates thet, for the menouvers investigated,

the effecte of power sppear to be naeligible, and that the

calculeted verticel-tall loads were opprox 1mately 16 percent

greater than the corresponding flignt-mczeured loads. This

discrepancy is not too.large and may be acceptable for prelim-

inary Cesign.  However, a brief discussion of the vpossible

sources of error eqtering into the teoil load equatioﬂ may be

of some aid in intervrctiﬁg these results, _ _ : ) -

In eguetion (2), i1t is seen that the accurate estimation
of Qg and (%§§> " is necessary before any conclusion can be -
~ t .

made about the adequacy of ecuation :(3). Although an error .
in q4 would effect & simllar error in the values of the

celculeted vertical-teil loads, egreement of the power-on and -
rower—off datfe of.thls report indicates that for the speed )
range and test condition investigated, the assumption of

dt = do 1ntroduces. negligible error,. -
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The estimation of <7§§“ by the method of reference L

ls subject to possible errorﬁ since the effectlve aspect ratlo
of the vertical tall is determined by the use of severel arbi-
trary assumptions. Figure 5 comwares the experimental
verticel-tail lift-curve slope obtained from flight data with
the estimated vertical-tall lift-curve slope from reference U
for a rudder angle of approximately -3°, The experimental

/ .
velue of %%?) of 0,030 is 13 nercent less than the value
t

of 0.035 estimated from reference U4, This difference is
sufficlent to account for most of the discrepancy noted
between the measured and the computed vertical-tail losads.
Consideration of the values of 58, and P + ©® at ONy =0

indicates a value of T of about 0.%0 which represents a
reasonable check of the assumed value of O. T,

Figure 6 indicates a sizeable difference between static
and dynemic maneuvers in the effective angle of attack of the
vertical tall due to rudder deflection, particularly in left
gldeslip. In an effort to determine the sensitivity of tne
estimated vertical-taill loads to the value of the relative
rudder effectiveness T, the computed loads were recalcu-
leted using another value of T dJdiffering from that origi-
nally used by about 30 percent. The results of the compu-—.
tation are shown in figure WL(b). The estimated Lift-curve
slope 4aCy/dat was unchanged from that used in the compu-
tetion for figure L(a), It may e seen in figures 4(a) end
L(b) that althoush the new value of T somewhat reduces
the difference between static and dynamic meneuvers, it does
not reduce the discrepancy between flight loads and computed
loads. It may be further observed that the use of 7T = 0.5
introduces an asymmetry in the slinement of the test data
but does not reduce appreciably the over-gll dispersion of
the test points. However, 1t may be concluded thet small
changes in the value assigned to the parameter T Jo not
greatly influence the agreement obtainable between flight-
measured and com>uted verticel-teil loads, - -

CONCLUSIONS

On the basis of the teste conducted on a typical fighter-
~type alrplane, the following concluslons werc reached which
are probably generally aspplicable only to airplanes having a
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tail configuration similar to that tested:

1. The efféctive angls of ettack of ths vertical. tall
under maximum losding conditions is- dequetely defined by. L
combining the sideaslip angle with the fin_offsct angle and the :
angle increment equivalent to the rudder-deflection.,

2. TIf the maximum sideslip angle and the rudder deflec-
‘tion at the time of meximum loading  of the vertical teil are
known, the maximum loade in static and dynamic maneuvers may
be predicted fairly eccurately. Using current methods of
catimation, the calculated verticel-tsil loads werc found to
be eoJroximatelv 16 percent greeter than the corresponding
flight-measured loads.’ : ;

3. The most. imvortant single factor in thls estimation
of vertical-tail loads appears.to be the vertical-tall 1ift-
curve slope, Further improvements in the accuracy of egti~
mating th® vertical-~tall loads eppesr to be dependent upon
more acocurate means for estimeting. tbe vort1031—teil 1ift-
curve slope. : _

Ames Aeronauvtlcal Laboratery,
National Advisory Committee for Aeronautics
ILoffett Field Calirf.
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